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"WIHAT IS THE PROBABILITY THAT RADIATION
CAUSED A PARTICULAR CANCER?"

George L. Voelz, M.D.
Health Division
Los Alamos National Laboratory
Los Alemos, NM 37545

ABSTRACT

Courts, Tlawyers, health physicists, physicians, and
others arn searching for a credible answer to the question
posed in the title of this paper. The cases in which the
question arises frequently stem from an individual that has
cancer an¢ they, or their next-of kin, are convinced that a
past radiation exposure--usually small--is responsible for
causing it.

An arithmetic expression of this problem is simple:  the
probability of causation by the radiation dose in question is
cqual to the risk of cancer from the radiation dose divided
by the risk of cancer from all causces. The application of
risk factors to this cquation is not so simple. It must
involve carceful evaluation of the reliabilily of and varia-
tions in risk cocfiicients for development of cancor due to
radi-tion exposure, olher carciaogenic agents, and "natural®
causes for the particular dindividual.  Lxamination of our
krioviledge of these various tactors indicates that a large
rarge in the answers can resull due Lo Lhe variability and
imprecision of the datu. Neverlheless, the attempls Lo
ccleulate o Lhe probability that radiation caused the cancer
i3 extromely usceful to provide a gross perspective on the
probability of causation. Tt will Tikely rule in or out a
significant number of cases despite the limilations in our
understandings ot the cliology of cancer and the risks from
various factors.  For Lhe renaining coses, a Lhoughtful and
cducatod judgment based on selected data and circumstances of
the case will also be needed betore the expert can develop
ard support. his opinion.

This work wes supported by the Uy Department. ol Inergyy under contradt,
Hoo W=7405 . L0G 30 with the Univsersity of California.
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Introduction

The question in the title of this paper is a subject of immense interest
tcday. More cases are finding their way into the courtrociis of our country each
year for a legal decision nan questions of whether ionizing radiation is a causative
agent of healch effects in former radiatica workers or, in some special cases, even
members of the general public. Carncer s the most likely diseasc for which the
questicn arises.

The word cancer is a layman's term to describe a growth or tumor that is
characterized by potentially unlimited growth of cells with local expansion by
invasion of neighboring tissues and systemic spread by metastasis. There are many
different types of cancer; cach type can be identified by recoynition of basic cell
features that are characleristics of the tissue or organ from which the cancer
arose. Therefcre, most cancers can be identified as to type. He do nct know
exactly how the control of cell reproduction ard yrowth gets changed to produce a
cancer. We know cancer is not a single disease and can be causced by a varicty of
circumstances and agents, including genetic  heritage, age, 1mmunoloyical
deficiencies, and exposure to physical and chemical agents. IL 1s not possible to
identify the causc of o particular cancer by any diaynostic test; a specific Lype
of cancer appears to be the sane discase regardless of causc.. A leyal determinaion
of the causce of a cancer is addressed by a scries of expert witneswes reviewing the
facts and presenting an opinion. The cxpert opinion is, hopefully, based on
preseet kneilcage, but L is recdily apperent that the expert opinions are highiy
variable and diametrically opposite opinions are frequently fortheoming.

The purpose of Lhis paper is to discuss a method Lhal expresses the radialion
dose and associated cancer risk in Lerms of probabiiities. This type of
determination, while it mey possibly enter into the opinion of on expert witness,
is not comnonly used in legal coses as o nmericel delermination.  Such o
probability calculation could be used o5 o principa determinant as Lo whether
radiation was "more likely than not" tu have caused Lhe discase.  Could such a
determination reduce the Lime and costs involved in Titlgelion of Lhese cabes? s
Lhere cnough inforvaation avallable that Lhis Lype of meLhod can provide uselul
answers Lo the question? bl Lhe courts or hearing boards acoeplt a0 more
mathemat ical, darse we say objeclive, method for arviving ot an answer?

Obviously Lhe latter quesbtion cannol be answered until one develops and
exaiines the fdea thet o calauletoed probability is destvable and more veliable Lhan
Lhe existing systeme In facl, such development and evaluat ion is goitg on pow by a
cotmi blee of Lhe Hat onal Councll on Radialion PFrotection under Lhe chaivaanship of
D Victor Ponds Until their report becoiwes avatiable, il bohooves us Lo become
avare ol seiie batic ddes tor deriving probabibities in this Lype of question amd
Lo stert thinking about the Hmftatdons and streenathy of thes method,  Thowe cal led
upen Lo o address questions on the "probability ot caura' fon" ol cancer atler
radiat ton exposure should appdy these coloulational Lechprigques to gein experieonce
fn thin application.  Divcasutan on the practical applicaltion of this cgneeat Lo
cancer vish attribubable to radiation exposinee has been presented by Bomd.,

the bosore principle of calumtat vng probabi ity ol cousation i doceopoively
shaples Ore tabes the viesds ol cancer per year tor Che vadial 1on doswes, in qnunliuh
atl Gayiden by the total rivdo of cancer per year tor the particular amdividual.
Thu, we e dealirg with tuo sk Ve (1) vish ot cameer fmhation allep
radiat ion, ara GU) the total ved oof coeer dduction din the andividuale In this



yaper 1 would 1ike to explore, in a preliminary way, our knowledge about these two
-erms. Let us start with the numerator -- the risk of cancer after a radiation
lose(s).

*he Numerator -- Risk of Cancer After Radiation Dose

This meeting focuses on the epidemiologic methods and studies used to estimate
he risk of inducing excess cancars in groups of people exposed to ionizing
‘adiatinn. The result is usually expressed as the number of excess cancers
sroduce  per million persons per rad. This is called an absolute risk coefficient
.ince it describes & specific number of cxcess cancers per million persons per rad.
‘he number may be the lifetime risk or an annual risk. This risk is considered to
e independent of the risk from other causes or cancer. The currecnt riik estimates
.ommonly used are those of the National Academy of Scicnces' BEIR 111° report or
he United Nation's Scientific Coomittee on the Effects of Atcmic Radiation.

Unfortunateiy, no onc knows how reliable these risk estimates are. Thev are
‘erived from epidenioloyic studies of human populalions exposed mostly to doses of
0 to 100 rem or above. The doses were mostly delivered at high dose rates. In
iost leyal cases, the radiation doses are low and delivered at low dose rates. The
osc-response  curves are not known for these Lypes of exposures and some
ssumplions must be mede. Koy assumptions for the linear model comonly used are
hat the rick is strictly proportional Lo the dose, independenlt orf the dose raie,
nd vanishes oniy when the dose is zero.

One of the controversial dissues alt heerings, of course, is what risk
oefficients are most reliable end credible.  Each expert can devclop his or her
wn 15k numbers and try Lo convince the courl that someone clse's is wrong.
opefully, in cvime, dota from epidemioloyic studies will confirm or morlify risk
vefticients so Lhat Lthere are fewer discrepancies ot major proporiions such as
re now being heard at cach case heeriti.  The risk coefficients from the
cferences doscribed obove are the best available, and il scems doublful that one
ould make betber subjoeclive judgmenls Lhan Lo use risk estimates as carefully
evievwed a5 Lheseo  Applicotion of any methodology, such as calculation of the
robability of caonsetion, must not hamper the revision ol risk coelficients as
etter data becoie available.

There are other gquestions of importance in determining radiaticn rick.  The
adialiion dove by perkens Lhe most dmportant.  In cases of cancer, we wish to know
he dose Lo Lhe tissue of cancer origin nel the dose Lo the personnel dosimetar.
Lods dmportant to note Lhat internal omitters are frogquently dnvoived in Lhese
authe  bor purporces ot celanlating o Lotal dose Lo the organ ol interest, it s
veessary to o add the internal nd extoernal doseso The problem ot assunips
ratonable dose disteibation within the body i one of Lhe wore ditficult amees for
othoEnternal and external desets Noosystem tor determinimg probab e causaot fon can
sunterbalance such potentiol errors. One con orly use tne best o availabice date and
ooaware of potential deticiencioes.

Desparte these preblom aveasy the ultimat e question 1y whether oirers in
Camating done and o rres are o any worse for caloulat iegoa Probability of cawsat fon
potor testitying on oo wore sub el iy o e .



The Denominator -- Total Cancer !. ° of the Individual

The ta>tal cancer risk of an 1ividual is ccmplex a~d dynamic. A way of
astimating total risk is to start wiv the known inridence of specific cancers in a
nopulation. Risk modifiers peculiar .n the individual in question may be aprlied
to this basvline incidence. For a sing o exposure to radiation, the calculation of
Probability of Causation (P.C.) is as f: llows.

DxC

P. C. B+H+(DxC) (1)

Where D is the organ dose in rads (rems), C is the radietion risk coefficient
appropriate to the kind of cancer and age at exposurc, B is the baseline rate for
that cancer at the age when the cancer was detected, and M is any known modifying
factor 1n this individual that may be expeccted to change the baseline 1incidence
significantly.

For multiple radiation exposures, the formula becones
chl + 0202 “es Dxcx

l)- Cl = T y L v b (2)
3 +HM 4 D]CP + Uzﬁz... DXLX

The baseline incidence rales for specific cancers in the United States are
avaitable in Lthe report oi Lhe Survnillancw, [pideniology, and Lnd Rosultks (SLLR)
srogram of the Mational Cancer Institulo. 1his report presenls incidence and
mortality dale froa 19W/3 - 1977 for Len arcas in the United Stales, plus Puerto
tico. It has the dula on cencers, classifiod by Lype, for age, scox, color, and
seyion.

Figure 1 shiows Lhe changing rate of carcer incidence wilh age. The rate
tnereeses rapidly otler about 40 yeuars of  ayge. The incidence rates used for
aorctulaling probability must be appropriate for the sex and age of Lhe individual.
Lhnicity i arsther impertatl peraictoer and rates for Lhe apprropriate group should
woused 11 possible. Rates in ditferent geographicel areas may also be ditlerent
1wy a factor of 2 or 3 in some inslances,

Hithin the pepulabion trom which the baseline cancer incldence rabe is
ferlved are present ail etfects from exposure experlences normal Lo Lhe populat ion.
wwGhgr et vadtat ion cnd averaye medical vadiation exposures willl be present in the

saboeve  Thiess no corrvection is needed unless other excepliond exposures are Lhnown
0 hove oconerad,

Thewe datay theretore, qive reasonable values for baseline inciderce, bul they

e averade retes and ore onot necessarily appropriate tor o all situattor. Thiy s
he reason toe the weditying tactm:, M.

Smobarg ey bnown to ceuse dnereased ik o of Tung cancere o osame cases it
Nl be appreprtate to o adyaet tor thin ditterence.s lung caneer in nonsmohlers i
Phoviiane e then the S FR vneidepce pates o whitch incinde wielors in the dat o,



Family history of cancer is another factor that may ccuse one to adjust the
baseline cancer inciderce rate in a few special situotions. For example, the
breast cancer risk increases about 9 fold in g female whose mother had a histcry of
bilateral breast cancer at premenopausal age. In fact, for such an individual the
prcbability of getting breast cancer is greater than 50 percent as a result of
their familial predisposition.

Another modifying factor is a history of other exposures to carcinogens.
These most often will eppear in an occupational histcry. Here too the appropriate
risk value will be most difficult to quantify. In general, these cancer risk values
are less well known than tor ionizing radiation.

The mainner in which one might modify baseline incidence for some of the
special risks just given as illustrations is a Serious problem. Cancer risk from
carcinogens, genetic heritage, and other potential modifiers are not well
characterized. Data available to modify baseline incidence to account for such
variables is often mot available. In general, it seems advisable to me not to
modify baseline incidernce unless the special variable for the individual exerts an
especially strong known effect, such as factors of 3 or more, and then nodification
nust be done cautiously.
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Discussion

A brief description of potential sources of error in estimaeting the cancer
risk after radiation, dose calculations, baseline incidence rates, and other less
well-defined cancer risks may make one nervous on the use of a calculeted
probability of causation. One must remember, however, that the method demands
several important requirements. The risk we are calculating is for a person who
has developed cancer. This is not attributable risk for future cancers, but
applies only for an individual who already has the disease. The cancer must be orne
that is recognized as being inducec puientially by radiatLion as shown in the risk
coefficients. Further, the time relationships between radiation exposure and the
subsequent cancer diagnosis must be in concert with our knowledye of radiction
effects. Thus, the latert period for many cancers is expected to be abeut 10
years, while for leukemia and bone cancers a latert period of only two years would
>e more appropriate. The risk of excess cases of leukemia appears to be gonn by 25
or 30 years after radiation exposure; thus, this limitation on time since e.posure

would also be applied before calculating the likelihood that the leukemia resulted
from a particular radiation exposure.

Inspection of a table of calculated probabilities of causation leads one to
ppreciate the marked difrerences that aere present for the same radiation expasure
it different ages. This is duc primerily because of the marked differences irn the
ncidence ritas for the different types of cancer ond at various ages and also
lifferent risk coefficients for specific cencers oftler radiation.

As an ex:uple, look at Lhe risk of developing leukemic from radicetion doses.
able ! lists Lhe absolute risk cocefticients frem the BEIR - 11 reporl when
siesure Lo a male occtrs ot oges 20, o4, and 0. The risk por year at age G0 s
boul. twice that at the cerlicr ages.  Table 11 shews Lhe basceline incidence rate
i leukenia nol including chronic lymphecviic leukemia, which is not produced by
addiation.  The incrdence of leuhomic in a b year old white mele s cver ceight
imes that ol age 250,

TABLE L
ARSOLUTE RISK COLFFTCILNTS
Caves I'e Person=Year: Per Rad (Specitic Orgen Dos )

Ixample: Risl of Teukomia in White Males
Per Raed Lo Dome Marrow

Age BEIR=DLL R (Risk/100)
'{)” :ln!'
a0 1.0

0) 1..



TASLE 11

BASZLIMNE INCIDENCE
New Cases of Cancer Per Million Perscnrns Per Year

Exeample: Leukenia (less chronic lymphccytic type) in white males

Age "ncidence (Qases/loﬁl
25 23
45 69
55 234

Mow let us suppose a white male is exposed to 1 rad of penetrating x-ray
diation to his bone marrow at age 20. This might be equivalent to a recorded dose
2 red on a persunnel dosimeter at the surface. The nan develops a leukemia at
¢ 25. What is the probability that his leukemie was caused by the radiation?
ble IIT shows the calculation of a probability of 8.7%5. This suygests there is
t a high probability that the radiation caused his discase.

Table IV shows calculated probebilities of ceusction that a leukemia, other
an chronic lymphccytic type, may heve resulted froa a 10 red dose to the bone
rrow at ages “U0, 40, and 60. In cach case, the individual is assumed to have
voloped leukemic five ycars after exposure. Nn uiedifiers are apjplied to the
seline incidence. The probebility of causation is elout 3 times higher for the 25
Wroold (47%) as for Lhe 65 year old (It..j. Neto the major cffect of the bascline
cidence in reducing tne Tikelihcod Lhal the discuse was couscd by Lhe rediation
se al Lhe older oyoes.

TABLL 111
PROBABILITY OF CAUSATIUN
Posenl Probebility of Cancor
frun Radiation Risk
Compared Lo Tota! Cancer Risk
Exaple: Teubemie, other Lhen chronic Tympheeytic, in white mele

occtrs b years after Lorad bone marrow dote ot age 20

.__Nlllll Gone x Vi _(:(H"'.i_('.i_l!_llg‘ . o A 1 v _:!'l_ A 100 = 0o
welbine Toevdence ¢ (Raa Dose x Risk Coctriciont) S (D x 2uy) el



TABLE 1V
VARIABILITY OF PRCEABILITY OF CAUSATICH (P.C.) WITH AGE

Example: Leukemia in White Male 5 Years After 10 Red Dose

Bascline Radiatiop Total .
ge Incidence/10 Risk/10 Risk/10 #P.C.
25 28 25 53 47%
45 69 i9 8 22%
b5 234 43 277 16%

The question remains as to the possible application of such calculations as a
rocedure to improve the menrer in which we attesipt Lo determine ceusation of
ancers that occur after a radiction exposure. The calculation requires the use of
iTtiple factacrs, cich of which cen be an item for argurertation. One possible
Ivantage of celculating P.C.'s is that Lhe procedure helps focus attention to the
iecces of  into malion required for such deteruirnction. Presuricbly  formal
cogniticn of the value in such calculdtions will bring added attention to the
wed fur information Lo provide better estimates.

The calculation c¢f a probebility of causation could scemingly be used in a
mple of ways. The first would be b o basis for an opinion by an cxpert in his
wstiinny. 1L s a proper methed for eveluating ane establi hing an opinion on the
estion of censction, Thus Far, lewvors and courls have had o reluclance to use
s type of methodulogy.  The wse of sebjoctive experl opinion often secms more
fective. 1F Lthere is any redialion dose invelved in the case, a culculation of
is ser', will always produce a pesitive number as the probability ¢f causation.
nce it is nol clear whal the jury or judqge mey do with such probability, no
Ller how seell, it apperently is safer nol to introduce Lhe calculation at all,
st the opinion.

A socend type of use for such a calculation is the poussibility Lhat it could
uscd as part ot on o administrative procedure for evaluation of probebility of
usabion.  Ihis secss particulaely appropreiate, or possible, with cases involving
rhntah's comy cpsation or occupational disease. With legislative aulhority, it
uled secit peeyible thal, an adwinistrative determination on the prubability of
uhation cotdd be sucoerstul in formulaling a reasonable  answver quickly  and
anemically. FThe  adisnistrative  procedure would  proceed by galhering  the
cosuary intorselion on Jhe case, deriving a prebability ol causation, ard using
ceptod  schedales  of  seltlement.  sinilar Lo carrent. workian's  comnpensal.ion
heefulen for permaent disebilitiog,

One important. vesul!l of Titigation is the careful review of the history and
wsire rocerd of the involved individual.  Any adninistralive procedure must  not
fuee the soratiny ol the deiails of the cove that is pecded tor prrotectien of
th sides oi the case. AL Lhe elements of g "probihility of causation"



calculaticn ére suiteble subjects for such careful review. These include radiation
dose, radiation risk coefficients, baselire incicence, and other risk factors.
Such review of the values used in the calculetion might be more pertirent than the
current method of evaluating a moro subjective expert witness statement.

It is likely that a review of many cancers allegjed to be caused by radiation
#ill fall into either high or low values of probabiiity of causation, for example,
selow 10 percent or above 30 percent. As an administrative procadure, it app ars
thet a calculation of probability, along with careful review of the appropriate
values to be used, would serve well in determining the likely association of the
cancer and a radiation dose. The relatively smeller pumber of cases falling in the
intermediate range, say 1C to 50 percent, may be appropriate subjects for
additional review. It 1is apparent that scme form of appeal mecharism must be
jvailable to all parties regardless of the calculational results.

Review of the effect of this type of methodoloqy on liability of employers is
already beirg performed. Catlin and Parmentier’ point out that the probability of
rausation method is shown to be quite sensitive to input parameter selection.
‘urthermore, the 1iability impact is highly influenced by the level of probability
istablished by 1law as the floor for compensation of cancer cases. By
interpretation of such legal language as "more likely than not," one might assume
:he Taw would use 50 percent probability as the level of liability. Only time will
;ell if such an assumption is correct.

In my opinion, further review of this question is likely to show that
:alculation of probabiliiy of ceusetion will address the question of association of
-adiation and cancer in ¢n efficient and effective manner for a majority of cases.
wreas of discussion or darguimentation on the calculation will occur on the selection
f apprepriate paremeters to use and will serve to fucus on the most important
‘actors for determining ceus-:tion. Even in chaesa instances, the procedure will be
erforming a useful functiori. Furthermcrc, the necd for better data on some of
hese  paraieters will  beccre  apparent, if not already known, and future
leterminations will improve &s the necessery rescarch and experience is obtained.

orclusioen

Calculution of the probebility that cancer in an individual is causcd by
«adiation is limited in its accuracy by our krowledye on the overall causes of
ancer.,  Cuncor risk from raodiuticn is Letter kprewn than fur olher carcincgens.
ases of cencer alleyed to be duc to radiation are currently decided by expert
estimony that mey not reflect accurciely the ceplex relationship of radiation
isk, baseline incidence of cancer, age, and other rishs. Application of a
alculalion of probability of causction, despite current limitetions, does Ffocus
onsidorations on those facltors that bear most directly on the question. It seoems
casonabla that many ceses could be resolved by en administrative procedure for
orkman's capensation law if the probability cf causalion is above or below
ertein limits, perhaps abuve 50 percent prebclbility or besow 10 percent.  On
ntoriedi et values ¢ Lhought ful and cducoted judgment by the expert based on Lhe
pocific date and circumstances ot the cases will also be needed to develop and
upport his final opinion.
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